Two extremely halophilic archaea, designated YIM 94188 T and YIM 94189, were isolated from Qijiaojing lake in Xinjiang province, north-west China and subjected to taxonomic characterization using a polyphasic approach. The cells of the two strains were coccoid, non-motile and Gramstain-negative. Colonies were pink-white-pigmented and aerobic. Growth occurred at 10-30 % (w/v) NaCl, 20-55 6C and pH 6.0-8.0 (optimum: 20-25 % NaCl, 37-42 6C, pH 6.5-7.0). Magnesium was necessary for growth in the range of 0.2-1.2 M. Phylogenetic analysis based on the 16S rRNA gene sequences indicated that the two strains belonged to the genus Halopelagius showing 98.5 % sequence similarity to the closest phylogenetic neighbour, Halopelagius inordinatus RO5-2 T . In addition, the DNA-DNA hybridization values of strains YIM 94188 T and YIM 94189 to Halopelagius inordinatus RO5-2 T were 35.7 % and 37.7 %, respectively. Polar lipid analyses revealed that the two strains contained phosphatidylglycerol (PG), phosphatidylglycerol phosphate methyl ester (PGP-Me), sulfated mannosyl glucosyl diether (S-DGD-1) and mannosyl glucosyl diether (DGD-1). The DNA G+C contents of strains YIM 94188 T and YIM 94189 were 66.3 mol% and 64.6 mol%, respectively. On the basis of physiological and chemotaxonomic data, and phylogenetic analysis, strains YIM 94188 T and YIM 94189 were classified as representing a novel species in the genus Halopelagius. The name Halopelagius fulvigenes sp. nov. is proposed, with YIM 94188 T (5CCTCC AB 2010456 T 5JCM 17506 T ) as the type strain.
The genus Halopelagius, in the family Halobacteriaceae, was first isolated and classified by using 16S rRNA gene sequences and by a combination of physiological and chemotaxonomic properties (Cui et al., 2010a) . At the time of writing, the genus contains only one species, Halopelagius inordinatus, which was isolated from Rudong marine solar saltern in Jiangsu, China. Halopelagius inordinatus RO5-2 T was pleomorphic, Gram-negative, red-pigmented, chemo-organotrophic and grew in a range of carbon and nitrogen sources. Cells contained phosphatidylglycerol (PG), phosphatidylglycerol phosphate methyl ester (PGP-Me), sulfated mannosyl glucosyl diether (S-DGD-1) and mannosyl glucosyl diether (DGD-1) and lacked phosphatidylglycerol sulfate (PGS) (Cui et al., 2010a) . The DNA G+C contents of strains of Halopelagius inordinatus are between 59.9 mol% and 61.0 mol%. During a survey of diversity of halophilic archaea in Qijiaojing salt lake in Xinjiang province, China, strains YIM 94188 T and YIM 94189 were recovered and their 16S rRNA gene sequences were determined and analysed. Based upon comparisons with published halophilic archaeal strains via the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/, Kim et al., 2012) , both strains appeared to be closely related to Halopelagius inordinatus RO5-2 T . This study aimed to determine the taxonomic status of these two strains. IP: 54.70.40.11 On: Sat, 04 May 2019 18:39:06
Strains YIM 94188 T and YIM 94189 were isolated from soil of Qijiaojing lake (41 u 369 42.30 N 84 u 469 61.90 E) in Xinjiang province, north-west China. Isolation was achieved using the standard dilution-plating technique on Gause medium containing (l 21 ): soluble starch, 20 g; KNO 3, 1 g; MgSO 4 . 7H 2 O, 0.5 g; K 2 HPO 4, 0.5 g; NaCl, 100 g; 1 ml trace elements (FeSO 4 . 7H 2 O, 0.2 g; MnCl 2 . H 2 O, 0.1 g; ZnSO 4 . 7H 2 O, 0.1 g) (pH adjusted to 7.0-7.2 with 1 M NaOH solution). Plates were incubated in the dark at 37 u C for 4 weeks. The two strains, YIM 94188 T and YIM 94189, were picked and purified by successive restreaking on modified Gause medium. The neutral oligotrophic haloarchaeal medium (NOM) used for the isolation procedure contained the following ingredients (l 21 ): yeast extract, 0.05 g; fish peptone, 0.25 g; sodium pyruvate, 1.0 g; KCl, 5.4 g; K 2 HPO 4 , 0.3 g; CaCl 2 , 0.25 g; NH 4 Cl, 0.25 g; MgSO 4 . 7H 2 O, 26.8 g; MgCl 2 . 6H 2 O, 23.0 g; NaCl, 184.0 g (pH adjusted to 7.0-7.2 with 1 M NaOH solution). The purified colonies were routinely cultured on NOM-2 medium containing (l 21 ): yeast extract, 0.05 g; fish peptone, 0.25 g; sodium pyruvate, 1.0 g; glucose, 0.5 g; glycerol, 0.5 g, KCl, 5.4 g; K 2 HPO 4 , 0.3 g; CaCl 2 , 0.25 g; NH 4 Cl, 0.25 g; MgSO 4 . 7H 2 O, 26.8 g; MgCl 2 . 6H 2 O, 23.0 g; NaCl, 184.0 g; 1 ml trace elements (FeSO 4 . 7H 2 O, 0.2 g; MnCl 2 . H 2 O, 0.1 g; ZnSO 4 . 7H 2 O, 0.1 g) (pH adjusted to 7.0-7.2 with 1 M NaOH solution). Purified strains were stored as a suspension in 20 % (w/v) glycerol at 280 u C. The NOM-2 media, liquid or solid, were also used for the following physiological tests.
To determine the taxonomic position of strains YIM 94188 T and YIM 94189, preliminary analyses based on 16S rRNA gene sequences were performed. The methods of extraction and purification of chromosomal DNAs were described by Ng et al. (1995) . The 16S rRNA gene sequence was amplified by PCR using a universal primer (Wang et al., 2000) . The PCR products were separated by agarose gel-electrophoresis and were recovered by using a Sangon PCR purification kit. The amplified 16S rRNA gene sequence was cloned into pEASY-T1 vector (TransGen Biotech). Ten clones of each novel strain were randomly picked and sequenced at the Baitaike Company (Beijing, China), no multiple heterogeneous sequences were detected. The EzTaxon-e server identified closely related sequences in the genus Halopelagius and related genera in the family Halobacteriaceae. Multiple alignments with sequences of closely related strains of members in the family Halobacteriaceae were performed using the CLUSTAL_X software package (Thompson et al., 1997) . Evolutionary distances of these sequences were calculated by the Kimura two-parameter model (Kimura, 1983) . Phylogenetic trees were constructed by the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971 ) and maximumlikelihood (Felsenstein, 1981) tree-making algorithms. Phylogenetic and molecular evolution analyses were conducted using the software packages MEGA version 5.0 (Tamura et al. 2011 ) and PHYML (Guindon & Gascuel, 2003) . The topologies of the phylogenetic trees were evaluated by bootstrap analysis with 1000 replicates (Felsenstein, 1985) . The 16S rRNA gene sequence of strain Methanospirillum hungatei JF-1 T (GenBank accession number NC007796) was used as outgroup.
The almost-complete 16S rRNA gene sequences of the two strains YIM 94188 T (GenBank accession number JQ996497, 1472 bp) and YIM 94189 (GenBank accession number JQ996498, 1473 bp) were determined. The result of comparisons showed that the similarity of the two strains and Halopelagius inordinatus RO5-2 T was 98.5 %, which demonstrated that the two strains were members of the genus Halopelagius. The neighbour-joining phylogenetic tree ( Fig. 1 ) showed that the two strains formed a distinct monophyletic clade with the closest neighbour Halopelagius inordinatus RO5-2 T (5JCM 15773 T ). A distinct subclade was also displayed by the minimum-evolution phylogenetic tree (not shown), maximum-parsimony phylogenetic tree and maximum-likelihood phylogenetic tree (Figs S1 and S2, available in IJSEM Online).
In order to more accurately confirm the taxonomic status of strains YIM 94188 T and YIM 94189, their morphological, physiological and biochemical characterizations were performed according to the proposed minimal standards for the description of novel taxa of the order Halobacteriales (Oren et al., 1997; Oren, 2000) . Colony morphology was observed on modified NOM-2 medium after incubation at 42 u C for 2 weeks. Cell morphology was tested by light microscopy (XL30; Philips) and scanning electron microscopy (Quanta 200; FEI) as described by Cui (2010a) . Motility characteristics were examined by the development of turbidity throughout a tube containing semisolid medium (Leifson, 1960) .
The Gram reaction was performed by following the method outlined by Dussault (1955) . Optimal conditions for growth were determined on NOM-2 medium as described by Oren et al. (1997) . The range and optimal NaCl concentrations were tested with 0-35 % NaCl (w/v) (at intervals of 5 %). Growth temperatures (4, 10, 15, 20, 28, 37, 42, 45, 50, 55, 57 and 60 u C) were tested at optimal concentrations of NaCl. The requirement and minimal concentrations of Mg 2+ for growth were examined at optimal concentrations of NaCl and optimal temperatures on solid NOM-2 medium lacking MgCl 2 . 6H 2 O to which Mg 2+ (MgCl 2 . 6H 2 O) was added at different concentrations (0, 0.01, 0.03, 0.05, 0.1, 0.2, 0.5, 0.7, 0.8, 0.9, 1.0, 1.2, 1.5 M). The initial pH range for growth (pH 4.0-10.0, at intervals of 0.5 pH units) was examined at 37 u C on modified NOM-2 medium containing 15 % NaCl (w/v), with the minimum Mg 2+ (MgCl 2 . 6H 2 O) concentrations, using the following buffer systems to maintain pH values: pH 4.0-5.0 : 0.1 M citric acid/0.1 M sodium citrate; pH 6.0-8.0 : 0.1 M KH 2 PO 4 /0.1 M NaOH; pH 9.0-10.0 : 0.1 M NaHCO 3 /0.1 M Na 2 CO 3 . The pH values were verified after autoclaving. Growth and gas formation with nitrate as the electron acceptor were tested in 10 ml stoppered bottles, filled with NOM-2 liquid medium to which NaNO 3 (5 g l 21 ) had been added and containing an inverted test tube. Halogeometricum borinquense CGMCC 1.6168 T served as the positive control. Anaerobic growth was tested on agar plates in the presence of nitrate (1 g l 21 ), Larginine (1 g l 21 ) or DMSO (10 g l 21 ) in an anaerobic can. Exposure to light was avoided during culture at 37 u C. The formation of nitrite was monitored colorimetrically (Williams et al. 1989) . Catalase activities and the hydrolysis of starch, casein, gelatin and Tweens 20, 40, 60 and 80 were tested according to the methods of Barrow & Feltham (1993) using the optimal medium, adding different substrates with the end concentration of 1 %. Oxidase activity was determined using an oxidase reagent (bioMérieux). H 2 S and indole formation were carried out as described by Cui et al. (2007) .
Substrate utilization was tested as described by Xue et al. (2005) and Roh et al. (2007) by adding various carbon and nitrogen sources into the Gause medium (soluble starch omitted, pH 7.0). Sodium acetate, arabinose, sodium citrate, dextrin, fructose, sodium fumarate, galactose, glucose, glycerol, lactose, sodium lactate, maltose, sodium malate, mannitol, mannose, sodium pyruvate, rhamnose, raffinose, ribose, sodium succinate, sodium oxalate, starch, sucrose and xylose were used as the sole carbon and energy sources. Organic nitrogenous and carbonaceous compounds, e.g. yeast extract and Casamino acids, were used as the carbon and energy sources. Growth rates were determined by monitoring the increase in OD 600 of the culture compared with that lacking an energy source. Acid production was tested in Gause medium (K 2 HPO 4 omitted) with different carbon sources and was determined by measuring the initial and final pH of the medium with phenol sulfonphthalein. The culture was considered as positive for acid production if the colour of the solution turned yellow while the blank control remained red. Sensitivity to antimicrobial agents was performed as described by Gutiérrez et al. (2008) .
Cells of the two strains YIM 94188 T and YIM 94189 were Gram-negative cocci with a diameter of 1.1-1.3 mm (Fig.  S3 ) and were non-motile. The two strains grew at a wide range of salinities [10-30 % (w/v) NaCl; optimal growth at 20-25 %] and grew at temperatures of 20-55 u C (optimum, 37-42 u C) and pH ranges of 6.0-8.0 (optimum, pH 6.5-7.0). Colonies were white-pigmented and dry. Positive for H 2 S and indole formation, and catalase and oxidase activities. Negative for nitrate reduction to nitrite under aerobic condition. Tests for hydrolysis of gelatin, casein, Tweens (20, 40, 60 and 80) were positive. Detailed differential characteristics of the two strains compared with Halopelagius inordinatus RO5-2 T are listed in Table 1 .
Polar lipids were extracted and examined by two-dimensional TLC and identified using previously described procedures (Minnikin et al., 1979; 1984; Kates, 1986; Cui et al., 2010b) . Chloroform : methanol : water (65 : 25 : 4, by vol.) was used in the first direction, and chloroform : acetic acid : methanol : water (80 : 18 : 12 : 5, by vol.) was used in the second direction. Plates were sprayed with phosphomolybdate reagent, followed by heating at 150 u C for 3 min to detect all polar lipids, and sprayed with phosphate stain reagent to detect phospholipids. One-dimensional TLC plates were sprayed with sulfuric acid : ethanol (1 : 2, v/v.) followed by heating at 150 u C for 3 min to detect glycolipids by red-brown colour with the exhibition layer agent chloroform : acetic acid : methanol : water (85 : 22.5 : 10 : 4, by vol.). Phosphatidylglycerol (PG), phosphatidylglycerol phosphate methyl ester (PGP-Me), sulfated mannosyl glucosyl diether (S-DGD-1) and mannosyl glucosyl diether (DGD-1) were present and phosphatidylglycerol sulfate (PGS) was absent (Fig. S4) , which is in agreement with the characteristics of the genus Halopelagius (Cui et al., 2010a) .
The DNA G+C contents were determined using the HPLC method of Mesbah et al. (1989) with Escherichia coli JM109 as a reference. The DNA G+C contents of strains YIM 94188 T and YIM 94189 were 66.3 mol% and 64.6 mol%, respectively, which differed significantly from the values of 61.0 mol% and 59.9 mol% of Halopelagius inordinatus.
To determine whether the two strains YIM 94188 T and YIM 94189 represent a distinct species of the genus Halopelagius, DNA-DNA hybridization tests were carried out between strains YIM 94188 T , YIM 94189 and Halopelagius inordinatus RO5-2 T , by applying the fluorometric micro-well method (Ezaki et al., 1989; Christensen et al., 2000) . Each hybridization was performed with eight replications at the optimal hybridization temperature (46 u C). The DNA-DNA hybridization values for the two strains YIM 94188 T , YIM 94189 with Halopelagius inordinatus RO5-2 T were 35.7 % and 37.7 %, respectively, which is lower than the threshold value (70 %) recommended for distinguishing novel species (Stackebrandt & Goebel, 1994) . The DNA-DNA relatedness value between YIM 94188 T and YIM 94189 was 92.5 %, which is higher than 70 %, indicating that the two strains were isolates of the same species.
On the basis of the results of phylogenetic analysis, physiological and biochemical tests, polar lipid compositions, DNA G+C contents and DNA-DNA hybridization values compared with the described species of the genus Halopelagius, Halopelagius inordinatus RO5-2 T , the two strains YIM 94188 T and YIM 94189 are considered to represent a novel species of the genus Halopelagius, for which the name Halopelagius fulvigenes sp. nov. is proposed. Cells are Gram-negative-staining, non-motile cocci with a diameter of 1.1-1.3 mm. Colonies are pink-white-pigmented and dry. Cells are able to grow at the NaCl range of 10-30 % (w/v) (optimum growth occurs at 20-25 %), at pH values ranging from 6.0 to 8.0 (optimal pH 6.5-7.0). The range of temperature for growth is 20-55 u C (optimum, 37-42 u C). Cells are strictly aerobic. Anaerobic growth does not occur even in the presence of NaNO 3 , arginine and DMSO. Mg 2+ is required for growth and the range is 0. (30), gentamicin (10), tetracycline (30), nalidixic acid (30), erythromycin (15), chloramphenicol (30), streptomycin (10), ampicillin (10), norfloxacin (10) and penicillin (10 IU per disc). The polar lipid profile contains phosphatidylglycerol, phosphatidylglycerol phosphate methyl ester, sulfated mannosyl glucosyl diether and mannosyl glucosyl diether. The DNA G+C content is 64.6-66.3 mol%.
Description of
The type strain, YIM 94188 T (5CCTCC AB 2010456 T 5 JCM 17506 T ), was isolated from salt soil of the Qijiaojing lake in Xinjiang Province, north-west China. The DNA G+C content of the type strain is 66.3 mol%. 
